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(54) Abstract Title: Mono - diameter wellbore casing 

(57) A tubular structure positioned in a borehole within . 
a subterranean formation comprises a first tubular 
member 115, and a second tubular member 210 
coupled to and overlapping with the first member 
115, the second tubular member being coupled to 
the first by the process of installing the second 
tubular member 210, an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing ftuidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
injecting a fluidic material into the shoe, and . 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fluidic material 
into the borehole below the expansion cone. The 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 
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._HONO-DIAMETERWELLB0RE CASING 
Cross Reference To Related Applications 
This application is a continuatton-in-part of U.S. utility application serial number 
09/454,139. attorney dodcet mwtoer 25791.3.02. filed on 12/3/1999. which claimed the 

5 benefit of the filing date of U.S. provisional patent application serial number 

60/111,293, attorney dodcet number 25791.3. filed on 12/7/1998. the disclosures of 
which are incorporated herein by reference. 

This application is related to the fbltowing: (1 ) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791 .03.02. filed on 12/3/1999. (2) U.S. patent 

10 application serial no. 09/510,913. attorney docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent appllcatton serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10^000. (4) U.S. patent applicatton serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 :i 1.02. filed on 3/10/2000. (6) U.S. patent applicalton serial 

15 no. 09/512.885. attorney docket no. 25791 .12.02. filed on 2/24/2000. (7) U.S. patent 
appHcation serial no. 09/511.941. attorney docket no. 25791.16.02. filed on 2/24/2000, 
(8) U.S. patent application seilal no. 09/588.946, attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attorney dodcet no. 
25791.23.02. filed on 4/2S/2000. (10) PCT patent applteation serial no. 

20 PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
proirisional paterit application serial no. 60/162,671. attorney doctet no. 25791^ 
on 11/1/1999, (12) U.S. provistonal patent applkatkm serial na 60/154,047, attorney 
docket no. 25791.29. filed on 9/16/1999^ (13) U.S. piQvi8k)nal patent application serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 

25 provlstonal patent application serial no. 60/159.039. attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. pre>visk>nal patent application serial no. 60/159,033. attorney 
docket no. 25791 .37. filed on 10/12/1999. (16) U.S. provistonal patent application serial 
no. 60/212.359. attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provistonai 
patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

30 1 1/12/1999. (18) U.S. proviskNial patent applicatton serial no. 60^1 .443. attorney 
docket no. 25791 .45. filed on 7/28/2000. (19) U.S. provistonsi patent appticatton serial 
no. 60/221.645. attorney docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638. attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237.334, attorney 

35 docket no. 25791 .48. fited on 10/2/2000. and (22) U.S. provistonal patent epplicaUon 
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serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 
This inventk>n relates generally to weilbore casings, and in particular to wellbore 
5 casings that are fbmied using expandable tubing. 

Conventionally, when a wellbore is created, a nurhber of casings are installed in 
the borehole to prevent collapse of the bon^hole wall and to prevent undeslred outflow 
of drilling fluid into the fonmation or inflow of fluid from the fbmnation into the borehole. 
The boTBhole is drilled in intervals whereby a casing which is to be installed in a lower 

10 borehole interval Is lowered through a prevtously installed casing of an upper borehole 
Intend. As a consequence of this procedure the casir^ of the lower intenml is of 
smaller dameter than the casing cf the upper Intenrail. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward directfon. Cement 
annuli are provMed between the outer surfiaces of the casings and the borehole wall to 

15 seal the casings from the borehote wail. As a consequence of this nested anrangement 
a relatively terge borehole dtameter is required at the upper part of the wellbore. Such 
a large borehote dtameter invoh^ increased costs due to heavy casing handling 
equipment, targe drill bite and increased volumes of drilling fluM and drill cuttings. 
Moreover. Increased drilling rig tbme is invohred due to required cement pumping, 

20 cement hardening, required equipment changes due to targe variations k\ hota 

dtameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention ta directed to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing in a wellbore. 
25 Summary of thei Invention 

According to one aspect of the present InventlM, an apparatus for forming a 
wellbore casing In a borehote located in a subtenanean fbrmatton including a 
preexisting wellbore casing is provided that includes a support member including a first 
fluid passage, an expanskm cone coupled to the support member including a second 
30 flukJ passage fluididy coupled to the first fluki passage, an expandabte tubutar liner 
movably coupled to the expansion cone, and an expandabte shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present Invention, a shoe is provided that 
includes an upper arinutar portion, an intermediate annular portion, and a lower annuter 
35 portioa The Intenmdtate annuter portion has an outer drcumferenoe that is larger 
Vhm ttie outer droumferenoes of the upper and tower annutar portions. 
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According to another aspect of the present Invention, a method of forming a 
welibore casing in a subterranean fomnation having a preexisting welibore casing 
posittoned in a t)orehole provided that includes Installing a tubular liner, an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by Injecting a fluidic material Into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for fomiing 
a welibore casing in a subtenranean fonnation having a preexisting welibore casing 
positioned in a borehole is provided that includes means for installing a tubular liner, an 
10 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially e^qianding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
a welibore casing within a subrterranean formation Including a preexisting welibore . 

i S casing positioned in a borehole is provided that Includes a tubular Iher; and means for 
radially expanding and coupling the tubular Kner to an overlapping portion of the 
preexisting welibore casing. The inside diameter of the radially expanded tubular liner 
Is substantially equal to the inside diameter of a non-overtapping portion of the 
preexisting welibore casing. 

20 According to another aspect of the present invention, a welibore CKing 

positioned in a borehole within a subterranean fbnfnation is pn^^ 
welibore casing, and a second welibore casing coupled to and overlapping virith the first 
welibore casing. The second welibore casing is coupled to the first welibore casing by 
the process of: installing the second welibore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion clf the shoe by injecting a fluidic 

material into the shoe, and radially expanding at least a portion of fhB second welibore 
casing by injecting a fluidic material Into the borehole below the expanston cone. 

According to another aspect of the present invention, a method of forming a 
tubular structure in a subtenranean formation having a preexisting tubular member 

30 positioned in a borehole is provided that includes InsteUing a tubular liner, an expanston 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluUic matertel Into the borehole below the expansion cone. 
According to anotiier aspect of the present invention, an apparatus for forming 

35 a tubular structure in a subterranean formation having a preexisting tubular member 
positioned in a borehote is provided that includes means for Instelllng a tubutar liner, an 
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expansion cone, and a shoe in the borehole, nneans for radially expanding at least a 
portion of the shoe, and nneans for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
5 a tubular staicture within a subterranean fonnation including a preexisting tubular 
member positioned in a borehole is provided that Includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside dianr^ter of the radially expanded tubular liner 
is substantially equal to the Inside diameter of a non-overlapping portion of the 
1 0 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole wtthin a subterranean fomiation is provided that includes a first 
tubular nrmnber and a second tubular member coupled to and overiapping with the first 
tubular member. The second tubular rnember is coupled to the first tubular member by 
15 the process ofi installing the second tubular member, an expansion cone, and a shoe 
in the borehole, r^ially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe;, and radially expanding at least a portion of the second tubular 
member Injecting a fluidic material Into the borehole below the expansion cone. 

Brief Description of the Drawings 
20 FIG. 1 is a fragmentary cross-sectional view lilustnsrting the drilling of a new 

section of a well borehole. 

FIQ. 2 is a fragmentary cross-secHonal view illustrating the placement of an 
embodiment of an apparatus for creating a monoKliameter wellbore casing within the 
new section of the well borehole of FIG. 1 . 
25 R6. 2a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a ooss-eectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c Is a cross-sectional view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2e Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2c. 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluidic seaiing material through the apparatus and into the new section of 
the well t>orehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FfG. 4 is a fragmentary cross-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 3 in order to ftuididy folate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FI& 5 is a cross-sectional view Illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view Illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view iiiustrafa'ng ttie expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a croes-eectional view Illustrating the injection of fluMIc material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 Is a cross-eecOonal view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view Illustrate the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 1s a cross-sectional view illustrating the fonnation of a mono-diameter 
wellbore casing that includes a plurality of overiappir^ nx)no-diameter wellbore 
casings. 

FIG. 12 is a fragmentary cross-secUonal view illustrating the placenwnt of an 
30 alternative embodiment of an apparatus for creating a nxxxHiiameter wellbore dasing 
within the wellbore of FIG. 1 . 

FIG. 12a is a cross-sectional view of a portion of ttie shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 1 2c is a cross-sedional view of another portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 12d is a cross-secOonal view of another portion of the shoe of the 
apparatus of FIG. 12. 
5 FIG. 1 3 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fluidic sealing nnaterial through the apparatus and into the new section of 
the well tiorehoie of FIG. 12. 

FIG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13, 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the injection of a fluidic 

material into the apparatus of FIG. 13 in order to flutdidy isolate the Interior of the shoe. 

FIG. 14a is a cross-sectional viewof a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-secUohal view Hlustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-secUonai view Illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone erf the iqiparatus of FIG. 16. 
20 FIG. 1 8 is a cross-sectional view Illustrating the irijection of fluidic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 Is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-secUonal view Hlwtrating the rsmoval of the bottom portion of 
25 the radially expanded ^hoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1 . 2, 2a, 2b» 2c 2d, 2e, 3. 3a, 3b. 4, 4a, 4b. and 5- 
10, an embodiment of an apparatus and method for fbnming a rnono<liameter wellbore 
casing within a subterranean fonnation will now be described. As Hlustrated In Fig. 1 , a 
30 wellbore 100 is positioned in a subterranean fonnation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 1 1 5 and an annular outer 
layer 120 of a fluidic sealing material such as. for example, cement. The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several altematfve 
emixxllments, the preexisting cased section 110 does not include the annular outer 
35 iayer120. 
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In order to extend the wellbore 100 into the subterranean formation 1 05, a drill 

string 125 is used in a well known manner to drill out material from the subtenanean 

formation 105 to fbrni a new wellbore section 130. In a preferred embodiment, the 

inside diameter of the new wellbore section 1 30 is greater than the inside diameter of 

5 the preexisting wellbore (Basing 115. 

As illustrated in FIGS. 2, 2a. 2b, 2c 2d. and 2e, an apparatus 200 for fonning a 

wellbore casing In a subterranean formation is then positioned in the new section 130 

of the wellbore 100. The apparatie 200 preferably includes an expansion cone 205 

having a fluid passage 205a that supports a tubular member 21 0 that includes a lower 

10 portion 210a. an intwmediale portion 210b, an upper portion 210c, and an upper end 
portion210d. 

The expansion cone 205 may be any number of conventional commerdaily 
available expanston pones. In several alternative embodlmerits, the expansion cone 
205 may be oontrollably expandable in the ladial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348.095. and/br 6,012.523. ttie disclosures of vvhich are 
incorporated herein by reliBrenoe. 

The tubular member 210 may be fabricated from any number of conventional 
conrnwrdally available materials such as, for example, Ollfleid Country Tubular Goods 
(OCTG). 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 

20 embodimmt. ttie tubular member 210 Is ftibrtcated from OCTG In order to maximize 
strength after expansion. In several aNemative embodiments, the tubular member 210 
may be solid andftr slotled. For typical tubular member 210 materials, the lengtti of 
the tubular member 210 Is preferably limited to between about 40 to 20.000 feet in 
lengtt). 

25 The lower portion 210a of the tubular member 210 preferebly has a larger 

inside diameter than the upper portion 210c of ttie tubular member: In a prefened 
embodiment, tiie waD thickness of 0ie intennediate portion 21 Ob of tiie tubular member 
201 is less than the wail ttiickness of the upper portion 210c of the tubular member in 
order to fadlitate ttw Initiation of ttie radial expansion process. In a prefened 

30 embodiment, the upper end portion 210d of ttie tubular member 210 is slotted. 

perforated, or othenMse modified to catch or slow down ttie expansion cone 205 when 
it completes ttie extrusion of tubular member 210. In a prefeoed embodiment, wall 
ttrickness of ttw upper end portion 210d of ttie tubular member 210 is gradually tapered 
in order to gradually reduce ttie required radial expansion forces during ttie latter 

35 stages of ttie radial expansion process. In this manner, shock loading conditions 
during ttie latter stages of ttie radted expanston process are at least minimized. 



8 



A Shoe 21 5 Is coupled to the lower portion 21 Oa of the tubular member. The 
shoe 215 includes an upper portion.215a, an intennediate portion 215b. and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart, or other similar element for controllably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substantially tubular, and the intennediate portion 215b of the shoe is preferably at 
least partially folded inwanJIy. Furthemriore. in a prefenred embodiment, when the 

10 intennediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intemfiediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions, 215a and 215& In this manner, the outer 
drcumferenoe of the intennediate portion 215b of the shoe 215 is preferably greater 

15 than the outside circumferences of the upper and lower portions, 215a and 215b, of the 
shoe. 

In a prsfened embodiment, the shoe 215 further includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
manner, the shoe 21 5 optimally mjects hardenable fydic sealing material Into the 

20 region outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support mefT4>er 2^ having fluid passages 22Sa and 225b is coupted to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluididy coupled to the fluid pass^ 205a. In this manner, fluidic materials 

25 nriay be conveyed to and from the regton 230 below the ejqpansim cone 205 and above 
the bottom ofthe shoe 215. The fluid passage 225b is preferably fliiidiciy coupled to 
the fluid passage 225a and Includes a oonventlonal control valve. Inthismanner. 
during placement ofthe apparatus 200 within the wellbore 100, suige pressures can be 
relieved by the fluid passage 225b. In a prefened embodiment, the support member 

30 225 further Indudes one or more conventional oentraUzerB (not illustiated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100. the fluid 
passage 225a is preferably selected to transport nraterials such as. for exampfe, drilling 
nnjd or fbrmatlpn fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gallons/lfninuto and 0 to 9.000 psi in order to minimize drag on the tubular member 
being run and to minimize surge pressures exeriied on the wellbore 130 which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 
5 during insertion Into the new section 130 of the wellbore 1 00 and to minimize surge 
pressures on the new wellbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective Injectton Packer (SIP) cups modified in accordance with the 
teachings of the present disdosurs. In a prefened embodinr^ent, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas, TX In order to 
(^timaliybtock foreign material and contain a body of lubricant In several attemative 

15 embodiments, the cup seat 235 may Include a plurality of cup seals. 

One or rnore seaHng mernbers 240 are preferably coupled to an^ 
the exteriorsurfaoeoftheupperendportton210d of the tubular nriember 2 The 
sealing members 240 preferably provide an overiapping Joint between the lower end 
portkm 115a of the casing 115 and the upper end portion 210d of the tubular member 

20 210. Tte sealing nnembers 240 rnay be any nurnber of cor^^ 

available seate such as, for example, lead, rubber, Teflonfor epoxy seals nnodified in 
accordance with the teachings of the present dbdosure. In a preferred embodiment, 
the sealing members 240 are nmlded from Strataiock Bpoxv available from Halliburton 
Energy Services h Dallas, TX in order to optimally provide a load bearing interference 

25 fit between the upper end portim 210d of the tubular member 210 and the lower end 
portion 1 15a of the existing casing 115. 

In a prefenred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. In a prefened embodiment, the frictional force optimally 

30 provided by ttie sealing members 240 ranges from about 1 ,000 to 1 ,000.000 ibf in 
order to optimally support the expanded tubular member 21 0. 

In an attemative embodiment, ttie sealing members 240 are omitted from the 
upper end portion 210d of ttie tubular member 210, and a load bearing metal-to-metal 
interference fit is provided between upper end portion of the tubular member and the 

35 lower end portion 115a ofttie existing casing 1 15 by plastically defomnlng and radially 
expanding ttie tubular member Into conlact with the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the Interior of the tubular member 210. In 
this manner, the extnjslon of the tubular member 210 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any number of mnv^ntional commeidaliy 
available lubricants such as. for example. Lubriplat^Silorine based lubricants, oil 
based lubricants or Climax 1500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 is Qimax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston. TX In order to optimally provide optimum lubrication to 
facilitate the expansion process. 

\n a preferred embodiment, the support member 225 Is thoroughly cleaned prior 
to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material Into the apparatus 200 is minimized. This minimizes the 
possibilify of foreign material dogging the various fkw passages and valves of the 
apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 within 
the new section 130 of the weilbore 100, a coupte of wellbore volumes are circulated In 
order to ensure that no fipreign materials are located within the weilbore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material Interfwes wRh the expansion process. 

As illustrated in FIGS. 2 and 2e, In a preferred embodiment, during placement 
of the apparatus 200 within the weilbore 100, flukJic materials 250 within the weilbore 
that are disptecad by the apparatus are at least partially conveyed through the fiuid 
passages 220, 205a. 22Sa, and 225b. In this manner, surge pressures created by the 
placement of the apparatus within the weilbore 1 00 are reduced. 

As niustratsd in FIGS. 3, 3a. and 3b. the fluid passage 225b is then dosed and 
a hardenable fluldic sealing material 255 is then pumped from a surface location Into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 21 5 below the expansion cone 
205. The material 255 then passes from the Interior region 230 Into the fluid passage 
220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the interior wall of the new section 
130 of the weilbore 100. Continued pumping of the material 255 causes the material to 
fin up at least a portion of the annular region 260, 

The material 255 Is prslerably pumped Into the annular regton 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gaUons/hnin. respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and weiltwre sizes. wellt)ore secHon length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemiined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials such as. for example, slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic seanng 
material 255 Is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services In Dallas. TX in order to provide optimal 

10 support for tubular manner 210 y*iile also maintaining optimum flow charade 

as to mlnbnlza difficulties during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably detennined using conventional 
empirical methods, in several aNemative embodiments, the hardenable fluidic sealing 
material 255 Is oomprssslble before, during, or aRer curing. 

15 The annular region 260 preferably is filled wHh the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 

region 260 of the new section 130 of the weNbore 100 will be filled with the material 
255. 

In an aHenrtaflve embodiment, the ir\jection of the material ^ into the annular 

20 region 260 is omitted, or Is provided after the radial expansion of the tubular member 
210. 

As illustrated In FIGS. 4, 4a, and 4b. once the annular region 260 has been 
adequately filled with the material 255. a plug 265, or other similar device, is introduced 
Into the fluid passage 220. thereby fluididy isolating the interior region 230 from the 

25 annular region 260. In a prefenred embodiment, a non-hartenaWe fluidic material 270 
is then pumped into the Interior region 230 causing the interior region to pressurize. In 
this manner, the interior region 230 of the expanded tubular member 210 will not 
contain slgniflcant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the material 255 may be used during this 

30 phase of the process. 

As Ulustrated in FIG. 5. in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 230 and unfolds the Intemiediate portion 
215b of the shoe 215. In a prefened embodiment, the outside diameter of the unfolded 
bitennedialB portion 215b of the shoe 215 is greater than the outside diameter of the 

35 upper and lower portions. 215a and 215b. of the shoe. In a preferred embodiment, the 
inside end outside diameters of the unfolded intennediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectiveiy, of the upper and lower 
portions, 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intennediate portion 21 5b of the shoe 21 5 is substantially equal to or 
greater than the Inside diameter of the preexisting casing 115 in order to optimally 
5 tedlitete the fonnation of a mono-dianwter wellbore casing. 

As illiMtrated in FIG. 6, In a it^erred embodiment, the expansion cone 205 is 
then lowered into the unfolded Intermediate portion 215b (tf the shoe 215. In a 
prrferred erribodlment, the expansion cone 205 is lowered into the unfolded 
intennediate portion 215b of the shoe 215 until the bottom of the expansion cone is 
10 proxbrato the lower portion 21Scofthe shoe 215. In a preferred embodiment, during 
the lowering of the expansion oone 205 into the unfolded intennediate portion 215b of 
the shoe 21 5, the material 255 within the anhuin- region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substenlially stationary position. 

As illustrated in FIG. 7. in a preferred embodlrnent. the outside diameter of the 
IS expansion oone 205 is then iTKreased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5.348.095. andAor 6.012.523. the disclosures of which are Incorporate herein by 
rrfsrence. in a primed embodiment, the outelde diameter of the radiaHy expanded 
expansion oone 205 Is substentiaHy equal to the inside diameterof the preexisting 
20 welKxxe casing 115. 

In an alternative embodlnfient. the expansion oone 205 Is not loiwerBd into the 
radlaNy expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 210e of the shoe 21 0 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In another aMemativB embodiment, the expansion cone 205 tenet radially 

expanded. 

As illustrated in FIG. 8, In a preferred embodiment, a fluidic mateitel 275 is then 
Injected into the region 230 through the fluid passages 225a and 205a. In a pi^bned 
embodiment, once the Interior regton 230 becomes sufHctentty pressurized, the upper 

30 portton 215a of the shoe 215 and the tubular member 210 are preferably piasticaily 
deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred ernbodiment. during ttie end of the radtel expansion 
process, the upper portion 210d of the tut>uter member and the tower portion of the 
preexisting casing 115 that overiap with one another are simulteneously ptesticaliy 

35 deformed and radially expanded. In this manner, a monodiameter wellbore casing 
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may be formed that includes the preexisting welltxm casing 1 15 and the radially 
expanded tubular member 21 0. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 21 0. In a prefenr^ embodiment, during the 
5 extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubutar member 21 0 
stationary relath/e to the new wellbore section 130. In this nfwinner, an overiapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 1 15 may be optimally formed. In an altemative preferred 

10 embodiment, the expanston cone 205 is maintained in a stationary position during the 
extmsion process thereby allowing the tubular member 210 to extrude off of the 
expansiori cone 205 and into the new wetlbore section 1 30 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a preferred embodimmt, when the upper end portion 210d of the tubular 

15 niember 210 and the lower portion ofthe preexisting casing 115 thatch 

anotherare plastically deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 1 00 l»y both the operating 
pressure within the region ^ and a upwardly directed axial force applied to the 
tubular support membtf 225. 

20 The overiapping jdnt between the loMW portion of th^ 

and the radially expanded tubular menrriber 210 preferably provides a gaseous and 
fluidic seal. In a partlculariy preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal In the overiapping joint In an altemative 
embodiment, the sealing nranDbers 245 are omitted. 

25 In a prefenred embodiment, the operating prassura and flow rate of the flukllc 

material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extmsion of the tubular member 21 0 off of the 
expansion cone 205 can be minlmismJ. In a preferrad enrtbodlment. the operating 

30 pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extmsion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Altemativeiy, or in combination, the wall thickness of the upper end portton 
21 Od of the tubular meniber is tapered in order to gradually reduce the required 

35 operating pressure fior plastically defbmning and radially expanding the upper end 
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portion of the tubular memt)er. In this manrwr, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
5 The shock absorber may comprise, for example, any conventional commercially 
available shock absorber, bumper sub, or jars adapted for use in wellborB operations. 

AKematively, or in combination, an expansion cone catching structure is 
provided In the upper end portion 210d of ttw tubular member 210 in order to catch or 
at least decelerate the expanston cone 205. 
10 In a preferrad embodiment, ttie apparatus 200 Is adapted to minimize tensile, 

burst, and fHdIon effects upon the tubular member 210 during tiie expansk)n process. 
These effects will be depend upon the geometry of tiw expansion cone 205, ttie 
material composition of ttte tubular member 210 and expansion cone 205. the Inner 
diameter of tubular member 210, the wall Ihtekness of ttie tubular member 210, ttie 
15 type of lubricant, and tlie yield strengtli of the tubular member 210. In general, ttie 
VMar ttie wall ttilckness. ttie smaller ttie inner diameter, and ttie greater ttie yield 
strength of ttie tubular member 210. ttien ttie greater ttie operattng pressures required 
to extrude ttie tubular member 210 off of ttie expansion cone 205. 

For typteal tubular members 210, ttie extniston of ttie tubular member 210 off of 
ttie expanston cone 205 will begin when ttie pressure of ttie HerfcM- regton 230 
reaches, for example, approximately 500 to 9.000 psi. 

During the exiruston process, ttie expanskxfi cone 205 may be raised out of ttie 
expanded portion of ttie tubular member 21 0 at rales ranging. Ibr example, from about 
OtoSfl^sea In a prefened embodiment, during ttie exbuston process, ttie expanskm 
cone 205 is raised out of ttie expanded portion of ttie tubular member 210 at rates 
ranging from about 0 to 2 fUsec in order to minimize ttie time required for ttie expanston 
process while also permitting easy control of ttie expanskm process. 

As illustrated in FIG. 0, once ttie extnjston process Is completed, ttie expanston 
cone 205 is removed from ttie weilbore 100. in a prefened embodiment, eittier before 
or after ttie removal of ttie expanskm cone 205. ttie Integrity of ttie fluMic seal of ttie 
overlapping Joint between ttie upper end portion 21 Od of ttie tubular men^r 210 and 
ttie kiwer end portion 1 15a of ttie preexisting weilbore casing 115 is tested using 
conventional mettiods. 

In a prefienned embodiment, if ttie fluWie seal of the overiapping Joint between 
ttie upper end portion 210d of ttie tubular member 210 and ttie kMver end portion 1 15a 
of the casing 115 Is satisfactory, ttien any uncured portion of ttie material 255 Mttiln ttie 
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expanded tubular member 21 0 is then removed in a conventional manner such as. for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellborB section 130 
arKi a drill bit or mill is used in combination with a conventional drilling assembly to driH 
6 out any hardened material 255 within the tubular member 210. In a piBferred 
embodhnenl, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As Illustrated In FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drfWng out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
comwitional drilUng assembly. In a pretened embodiment, the Inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As niustrated In RG. 1 1. the method of FIGS. 1-10 may be repeatedly 
15 performed In order to provide a monoKliameter wellbore casing that includes 

overlapping wellbore casings 1 15 and 210a-210e. The wellbore casing 1 15, and 2T0a- 
210eprBlBrBblylncludeouterannularlayersoffluldlc8eallngmaterial. Alternatively, 
the outerannular teyers of fluidic seaHng material may be omitted. In this manner, a 
mono^iameter wellbore casing may be fomied within the subterranean fbmiatton that 
extends for tens of thousands of feet More generally stiB. the teachings of FIGS. 1-11 
may be used to fomi a monoKflameter wellbore casing, a pipeHne. a structural support, 
or a tunnel within a subterranean fbnnalion at any ortentation from the vertical to the 
horizontal. 

In a prefierred embodiment, the fomiatlon of a mono-dlameler weHbore casing, 
25 as illustrated In FIGS. 1-11. is further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial no. 09/454.139. attomey docket no. 
25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.013, 
attomey docket no. 25791 .7.02, filed on 2«3«000, (3) U.S. patent application serial 
no. 09/502.350. attomey docket no. 25791 .8.02. filed on 2/10/2000, (4) U;S. patent 
30 application serial no. 09/440,338. attomey docket no. 25791.9.02. filed on 1 1/15/1999, 
(5) U.S. patent applkatkwi serial no. 09/523.460. attomey docket no. 25791 .11 .02, fited 
on 3/10/2000. (6) U.S. patent appllcatnn serial no. 09/512,895, attomey docket no. 
25791.12.02, fited on 2/2AI2000. (7) U.S. patent appUcatton serial no. 09/51 1,941. 
attomey docket no. 25791.16.02. fited on 2J2Aa00O, (8) U.S. patent application serial 
35 no. 08/588.946. attomey docket no. 25791 .17.02. filed on 6/7/2000. (9) U.S. patent 
applkatton serial no. 0?«S9.122. attorney docket no. 25701.23.02. fited on 4/26/2000, 
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(10) PCT patent application serial no. PCT/US0(yi8635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. proviskxial 
patent applicatkm serial no. 60/1 54.047, attorney docket no. 25791 .29, filed on 
9/16/1 999, (13) U.S. provistonal patent application serial no. 60/159,082. attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provistonal patent applicatton serial 
no. 6W159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791 .37, fitod 
on 10/12/1999. (16) U.S. provistonal patent application serial no. 60/212,359. attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provistonal patent applteation serial 
no. 8(yi65.228, attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. 
provisional patent application serial no. 601/221 .443. attorney docket no. 25791 .45. filed 
on 7/28/2000. (19) U.S. provistonal patent appRcetion serial na 60/221 ,645. attorney 
docket no. 25791.46. filed on 7/28/2000. (20) U.S. provistonai patent application serial 
no. 60/233.636. attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional 
patent appflcatton serial no. 60/237.334. attorney docket no. 25791.48. filed on 
10/2/2000. and (22) U.S. provistonai patent applcafion serial no. 60/262.434. attorney 
docket na 25701.51. fitod on 1/17/2001, tiie disctoeuresofwhtoh are Incorporated 
herein t}y reference. 

RefBiTlng to FIGS. 12. 12a. 12b. 12c end 12d, Inan aitomative emixxliment. an 
apparatus 300 for forming a mbno-dlameter weBtxMe casing Is positioned within the 
wenixHB casing 1 15 that is substantially Mentical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 215. 

In a preferred embodiment, ttte shoe 305 includes an upper portion 305a. an 
intermediate portion 305b, and a lower portion 305c having a valveabto fluid passage 
310 ttiat is preferably adapted to receive a plug, dart or otiier similar element fbr 
controllably sealing ttie fluM passage 310. In this manner, the fluki passage 310 may 
be optimally seated off by Introducing a plug, dart and/or ball sealing etoments into the 
fluid passage 310. 

The upper and tower portions, 305a and 305c, of the shoe 305 are preferably 
substantially tubular, and ttte intermediate portton 305b of tite shoe includes 
corrugations 305ba-305bh. Furthermore, In a preferred embodiment, when ttie 
IntennedlatB portton 305b of the shoe 305 is radially expanded by ttie application of 
fluM pressure to ttie interior 315 of ttie shoe 305. ttie InsMe and outskie diameters of 
ttie radially expmdsd intermediate portton are prefsrabfy botti greater tttan ttie inside 
and outskie diarheters of ttie upper and tower porttons, 305a and 30SC. In ttiis manner. 
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the outer drcumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferences of the upper arKl lower portions. 305a and 305c. 
oftheshoe. 

In a prefened embodiment, the shoe 305 further includes one or more through 
and side outlet ports In fluidic communication with the fluid passage 310. In this 
manner, the shoe 305 optimally Injects hardenable fluidic sealing material Into the 
region outside the shoe 305 and tubular member 21 Ov 

In an altemativB embodiment, the flow passage 310 is omitted. 
In a preferred embodiment, as Illustrated in FIGS. 12 and 12d, during 
placement of the apparatus 300 within the wellborB 100. fluidic materials 250 within the 
vKBllbore that are displaced by the apparatus are conveyed through the fluid passage 
310. 205a, 225a. and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 100 are reduced. 

In a prefsned mibodlment. as iliustrated in RG. 13 and 13a, the fluid passage 
225b Is then closed and a haidenable fluWIc sealing material 255 Is then pumped ft^ 
a surface location into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the fnterlor region 315 of the shoe 30^ 
the expansion cone 205. TIM mafertal 255 then passes from the Interior r^^ 
Into the fluid passage 310. The material 255 then exHs the apparatus 300 and fills the 
annular region 260 between the exterior of the tubular member 210 and the interior wall 
ofthenewsection130oftheweBbore100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped Into the annular region 260 at pressures 

and flow rates ranging, for example, ftom about 0 to 5000 psi and 0 to 1.500 
gallonsftnin, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and weUbore sizes, wellbore section length, avallabie pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemrined using conventional empirical 
methods. 

The hardenable fluidic seaHng material 255 may be any number of conventional 
oommeroially available hardenable fluidic sealing materials such as. for example, slag 
mix, cement, latex or epoxy. In a prefened embodiment the hardenable fluidic sealing 
material 255 is a blended cement prepared spedficalty for the particular well section 
being drilled from Hanibwlon Eneigy Services in Dallas. TX In order to provide optimal 
35 support fbr tubular member 210 while also maintaining opHrnum flow characteristics so 
as to minimize dmculties during the displacement of cement in the annular region 260. 
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The optimum blend of the blended cement is preferably detemiined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 
quantities to ensure that: upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 1 30 of the wellbore 1 00 will be filled with the material 
255. 

In an altemattve embodiment, the Injectioh of the material 255 into the annular 
region 260 is omitted. 

As niustiatad in FIGS. 14 and 14a, once the annular region 260 has been 
adequately filled with the material 255, a plug 265. or other similar device, is introduced 
into the fluid passage 310. thereby fluidicly isolating the Interior region 315 from the 
annular region 260. In a prefened embocfiment, a non-hardenabie fluidic material 270 
Is then pumped into the interior region 315 causing the interior region to pressurize. In 
this manner, the interior region 315 wlU not oontain significant amounte of the cured 
material 255. TNs also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As liustrated in FIG. 15, in a prefBrred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the corrugations 305ba- 
305bh of the intemwdlate portion 305b of the shoe 305. In a prefened embodiment, 
the outside diameter of the unfolded Intennediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions. 305a and 305b, of 

theshoe. In a prefened embodiment, the Inside and outeldediametera Of the unfolded 
intennediate portion 305b of the shoe 305 are greater than the-inslde and outeide 
diarrieters, respectlvoly, of the upper and lower portions, 305a and 305b, of the shoe. 
In a prefened embodiment, the inside diameter of the unfolded intermediate portipn 
305b of the shoe 305 is substentialiy equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the fbnnation of a mono-diameter wellbore 
casing. 

As illustrated In FIG. 16. In a preferred embodlnwnt. the expansion cone 205 is 
then lowered into the unfolded intemiediate portion 305b of the shoe 305. in a 
prefened embodiment, the expand cone 205 is lowered Info the unfolded 
intennediate portion 305b of the shoe 305 untn the bottom of the expansion cone Is 
proximate the lower portion 305c of the shoe 305. In a prefened embodiment, during 
the lowering of the expansion cone 205 into the unfolded intennediate portion 305b of 
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the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a 8ul>stantiaily stationary position. 

As illustrated in FIG. 17. in a preferred emlwxllment. the outside diameter of the 
expansion cone 205 is then increased, in a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5.348.095, and/or 6.012.523. the disclosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expansion oone 205 is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 305 priorto being radially expanded. Inthis 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion corie 205. 

In another alternative embodiment, the expansion oone 205 is not radially 
15 expanded. 

As illustrated in FIG. 18. in a prefened embodiment, a fluidic materbl 275 Is 
then injected into the region 315 through the fluid passages 22Sa and 205a. in a 
prefened embodiment, once the interior region 315 becomes sufficiently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically defbmfied. radially expanded, and extnided off of the expa^ 
FUrthemwre, In a preferred embodiment, during the isnd of the radial e)4)an8ion. 
process, the upper portion 210d Of the tubular member and the lovrer portion of the 
preexisting casing 1 1 5 that overlap with one another are simultaneously plastically 
defbnned and radially expanded. In this manner, a monoKliametervi«llbore casing 

25 may be fbnned that Includes the preexisting wellbore casing 115 and the radially 
ttcpanded tubular member 210. 

During the extnjsion process, the expansion cone 205 may be raised out oif the 
expanded portion ofthe tubular member 210. In a preferred embodiment, during the 
extnjsion process, the expansion cone 205 Is raised at approximately the same rate as 
30 the tubular member 210 Is expanded In order to Iteep the tubular member 210 

stationary relathm to the new wellbore section 130. In this manner, an overlapping Joint 
between the FBdially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fomned. In an altamative preferred 
embodiment, the expansion cone 205 Is maintained ina stationary position during the 
extmsion process thereby allowing the tubular member 21 0 to exinjde off of the 



35 



20 



expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pr^ure of the interior region 230. 

In a preferred embodiment, when the upper end portion 21 Od of the tubular 
member 210 and the lower portion of the preexisting casing 115 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205, ttie 
expansion cone 205 is displaced out of tiie wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to tiie 
tubular support member 225. 

The overlapping joint between tiie lower portion of the preexisting casing 1 1 5 
and ttie radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a parflcularty preferred embodiment, ttie sealing members 245 optimally 
provide a fluidic and gaseous seal in ttie overlapping Joint In an {Sttemative 
embodiment, ttie seaBng members 245 are omtttod. 

In a preferred embodimoit, ttie operating pressure and flow rate of ttie fluidic 
material 275 is oonttoiiably ramped down when ttie expansion oone 205 reaches ttie 
upper end portion 210d of ttie tubular member 210. In ttils manner, ttie sudden release 
of pressure caused l>y ttie comfriete extrusion of ttie tubular member 210 off of ttie 
expansion com 205 can be minimizBd. In a preferred embodiment, ttie operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
ttie end of ttie extrusion process beginning when the expansion oone 205 is wtthin 
about 5 feet from completion of ttie extrusion process. 

Alternatively, or in combination, ttie wall ttildmess of ttie upper end portion 
21 Od of ttie tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically defbnnlng and radially expanding ttie upper end 
portion of ttie tubular member. In ttiis manner, shock loading of the apparatus may be 
at least partially minimized. 

Alternatively, or In combination, a shock absori!>er is provided In tt^e support 
member 225 in order to absorb ttie shock caused by ttie sudden relecse of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in ttie upper end portion 210d of ttie tubular member 210 In order to catch or 
at least decelerate ttie expanston cone 205. 

In a preferred embodiment, ttie apparatus 200 is adapted to minimize tensile, 
burst, and friction efifeds upon ttie tubular member 210 during the expansion process. 
These effects wID be depend upon ttie geometry of ttie expansion cone 205, Vhe 
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material composition of the tubular member 210 and expansion cone 205, the inner 
diameter of the tutiuiar member 210. the wall thickness of the tubular member 210. the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 210. then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extmslon of the tubular member 210 off of 
the expanston cone 205 will begin when the pressure of the interior regton 230 
reaches, for example, approximateiy 500 to 9,000 psi. 

10 During the extruston process, the expansion cone 205 nwy be raised out of the 

expanded portkm of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fVsec. In a preferred embodiment, during the extmslon process, the expansion 
cone 205 Is raised out of the expanded portkm of the tubular member 21 Oat rates 
ranging from about 0 to 2 Wsec in order to minimize the time required for the expansion 

15 process wMledso permitting easy control of the expansion prv)cess. 

As Ulustratad In FIG. 19. once the extniston process Is completed, the 
expansion cone 205 is removed from the wellbore 100. In a preferred embodiment, 
either before or aflar the removal of the expanskm cone 205. the Integrity of the fluldte 
seal of the overiapping Joint between the upper end portion 210d of the tubular member 

20 210 and the tower end portton 115a of the preexisting wellbore casing 115 is tested 
using ooiiventkMial methods. 

In a prefiBrred embodiment. If the fluMic seal of the overtappfaig Joint between 

the upper end portton 210d of the tubular member 210 and the tower end portion 115a 
of the casing 115 is satisfactory, then any uncured portkm of the material 255 within the 

25 expanded tubular member 210 Is then removed In a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member210. The expanston cone 205 Is then pulled out of the wellbore section 130 
and a drill bH or mHI is used in combination with a convent'onal drilling assembly to drill 
out any hardened material 255 vinthin the tubular member 210. In a prefened 

30 embodiment, the material 255 within the annular legkm 260 is then aitowed to fully 
cure. 

As illustrated in FIG. 20, the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventtonal drilBng 
methods. The wellbore 100 may then be extended in a conventional manner using a 
35 conventional dillling assembly. In a prefisrred embodiment, the inside diameter of the 
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extended portion of the wellbore is greater than the inside diameter of the radially 
expanded stioe 305. 

The method of FIGS. 12-20 may be repeatedly perfbmied in ofder to provide a 
moraHJIameterwelilMre casing that includes overlapping welllMre casings. The 
5 overlapping wellbore casing preferably indude outer annular layers of fluldlc seaDng 
material. Altamativ^, the outer annular layers of fluidic sealing material may be 
omitted. Inthlsrrianner.anwno^liametervwIlborBcaslngrnaybefon^ 
subterranean fonnation that extends for tens of thousands of feet More generally still, 
the teachings of FiOS. 12-20 may be used to form a mono^liameter wellbore casing, a 

10 Pipeline, a struchjral support, or a tunnel within a subtenanesui formation at any 
orientation from the verticai to the horizontal. 

In a prefsned embodiment, the formation of a mono<liameter wellbore casing, 
as niustrated in FIGS. 12-20, is further provided as disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139. attorney dodtet no. 

15 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 
attomey dodcet no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502^350. attorney dodcet no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440,338, attomey dodcet no. 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460. attomey dodcet no. 25791.11.02. filed 

20 on 3/10/2000. (6) U.S. patent application serial no. 09/512.896, attomey docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent appPcalion seilal no. 09«1 1.941, 
attomey dodcet no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent implication serial 
no. 09/588,946, attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559.122, attomey docket no. 25791.23.02. filed on 4/26/2000. 

25 (10) PCT patent applteatton serial no. PCT/US0Q/1863S, attomey docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 25791 .27. filed on 1 1/1/1999. (12) U.S. previskMial 
patent application serial no. 60/154,047, attomey docket no. 25791 .29. filed on 
9/16/1999. (13) U.S. provlstonal patent application serial no. 60/159.082. attorney 

30 dodcet no. 25791.34. filed on 10/12/1999. (14) U.S. provistonal patent appllcatton serial 
no. 60/159.039. attomey docket no. 25791.36, filed on 10/12/1999^ (15) U.S. 
provistonal patent appDcatton serial no. 60/159.033. attorney docket no. 25791 .37, filed 
on 10/12/1999. (16) U.S. provistonal patent appDcatkm serial np. 60/212.359. attomey 
dodcet no. 25791.38, filed on 6/19/2000, (17) U.S. provistonal patent applicatton serial 

35 no. 60/165,228. attorney docket na 25791 .39. filed on 1 1/12/1999. (18) U.S. 

provisional patent applicatton serial no. 60/221 .443. attomey docket no. 25791.45. filed 
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on 7/28/2000. (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional 
patent application serlal no. 60/237,334, attorney docket no. 25791 .48, filed on 
5 10/2/2000, and (22) U.S. provisional patent applteation serial no. 60/262,434. attorney 
docket no. 25791.51, filed on 1/17/2001. the disck>sures of whteh are incorporated 
herein by refierence. 

In several alternative emlKXliments. the apparatus 200 and 300 are used to 
fbnn and/or repair welllwre casings, pipelines, and/or structural supports. 
10 In several altemativa embodiments, the foMed geometries of the shoes 21 5 and 

305 are provided in accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794.702. the disctosures of which are incorporated herein by reference. 

An apparatus for forming a wellbore casing in a borehole located in a 
subterranean foimatkm including a preexisting wellbore casing has been described that 
15 includes a support member including a first fluU passage, an expansbn cone coupled 
lo the support member including a second fiuM passage flukfidy coupled to the first 
fiuM passage, an expandable tubular liner movabiy coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner, haprelerred 
embodiment, the expansion cone Is expandable, in a prsferrsd embodiment, the 
20 expandable shoe includes a valveablefluW passage for controlling the ftow of fluWte 
matarials out of the expandable shoe. In a prafened embodiinent. the expandable 

shoe indudes: an expandable portion and a rernaining porfton, wherein the outer 
drcumfsrencB of the expandable portion is greater than the outer drcumfeienoe of the 
remaining portion. In a preferred embodiment, the expandable portion includes: orie or 

25 more Inward fbkls. In a prafened embodiment, the expandable porthsn includes: one or 
morecomjgattons. In a prefened embodiment, the expandable shoe includes: one or 
more inward fbWs. In a preferred embodiment, the expandable shoe includes: one or 
more conugations. 

A shoe has also been described that includes an upper annular portion, an 

30 intennediate annular portton. and a kjwer annular portton, wherein the Intennediate 
annular portton has an outer circumference that is larger than the outer circumferences 
of the upper and kMver annular porttons. In a preferred embodiment, the lower annular 
portion includes a valveable fluW passage for controlling the ftow of flukjic materials out 
of the shoe. In a preferred embodiment, the intennediate portion includes one or more 

35 inwanJ foMs. In a prefened embodiment, the intennedlata portton includes one or more 
corrugations. 
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A method of forming a wellbore casing in a subterranean fbmiatlon having a 
preexisting wellbore casing posiUoned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radlally expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a prefened embodiment the 
method further Includes radially expanding the expansion cone. In a prefened 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 
prefsned embodiment, the method further Inohides radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material Into the borehole below 
the ladiaHy expanded expansion cone. In a prefened embodinwnt. the method further 
includes b^Jeding a haidenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a prefwred embodiment, the method further includes 
radially expanding at least a portion of the prsexisling weHbore casing. In a preferred 
embodiment, the method further Includes overiapping a portion of the radially 
expanded tubular liner with a portion of the prsexisling wellbore casing. In a prefened 
embodiment, the inside diameter of the radialy expanded tid)ular liner Is substantially 
equal to the Inside diameter of a rionoveriapping portion of the preexisting wellbore 
casing. In a prefened embodiment, the mettiod further includes applying an axial force 
to the expansion cone. In a prefened embodiment, the Inside diameter of the radially 
expanded shoe is greater than or equal to the hside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a welibore casing in a subtenanean formation having 
a preexisting wellbore casing positioned in a borehole has also been described that 
Includes means for installing a tubular liner, an expansion cone, and a shoe In the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodiment, the 
apparatus furthw Includes means for radially expanding the expansion cone. In a 
pr^enred embodiment, the apparatus further includes means for lowering the 
expansion oone Into the radially expanded portion of the shoe, and means for radially 
expanding the expanision cone. In a prefened embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further includes 
means for injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the boiehote. In a prefierred embodiment, the apparatus further 
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incfudes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodiment, the apparatus further includes means for 
overiapping a portion of \he radially expanded tubular liner wHh a portion of the 
preexisting wellbore casing. In a preferred embodiment, the Inside diameter of the 
radially expanded tubular liner Is substantially equal to the Inside diameter of a 
nonoveriapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefened enibodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the Inside diameter of the radially expanded tubular liner. 

An apparatus for forming a wellbore casing within a subterranean formation 
including a preexisting weabore casing positioned in a borehole has also been 
described that includes a tubular liner wid means for radiaiiy e)4»ndlng and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 
diameler of a norKoveilappIng portion of the preexisting weUbore casing. 

A wellbore casing positioned In a borehole within a subtenanean fbmration has 
also been described that includes a first weflbore casing and a second wellbore casing 
coupled to and overiapping with the first wellbore casing, wher^ the second wellbore 
casing is coupled to the first wellbore casing by the process of: installing the second 
welibore casing, an expansion cone, and a shoe in the borehole, radiaiiy expanding at 
least a portion of the shoe by Irijecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second welibore casing by injecting a fluidic material 
into the borehole below the expansion cone. In a prefened embodiment, the process 
for fomning the wellbore casing further includes radidly expanding the expansion cone. 
In a preferred embodiment, the process for forrtring the wellbore casing further Includes 
lowering the expansion cone Into the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a prefened embodiment, the process for forming the 
wellbore casing further includes radiaiiy expanding at least a portion of the shoe and 
the second wellbore casing by injecting afiuidic material into the borehole below the 
redlaity exparKled expansion cone, in a preferred embodiment, the process for fonning 
the wellbore casing further includes injecting a hardenable fluidic sealing material Into 
an annulus between the second wellbore casing and the borehole, in a preferred 
embbcHment the process for fomning the wellbore casing further includes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 
the process fbr forming the wellbore casing further includes overiapping a portion of the 
radially expanded second welibore casing with a portion of the first wellbore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second welltwre 
casing is substantially equal to the Inside diameter of a nonoveriapping portion of the 
first weHbore casing. In a preferred embodiment, the process for forming the wellbore 
casing further includes applying an axiai force to the expansion cone. In a preferred 
embodiment, the inside diameterof the radially expanded shoe Is greater than or 'equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of fonning a tubular stmcture in a subterranean fonnation having a 
preexistihg tubular member positioned in a borehole has also been described that 
includes instelHng a tubular Uner. an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by ir^jecting a fiuidic material into the 
shoe, and redlaPy expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expanston cone. In a preferred embodiment, the 
method furthwindudesradialiy expanding the expansion one. Inapr«ferred 
embodiment, the method further includes kmering the expansion cone IntD the radiajly 
expanded portion of the shoe, and radially expanding the expansion cone. Ina 
profenned embodiment, the method further Includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole belowr 
the radlaHy expanded expansion oone! In a prefened embodiment, the method further 
includes Injecting a hardenable fluidic sealing material into an annulus between the 
tubular iinerand the borehole. In a prefened embodiment, the method further Includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
embodinf»nt, the method further includes overtapping a portion of the radtelly 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonoveriapping portion of the preexisting tubular 
member. In a preferred embodiment, the method further includes applying an axial 
force to the expansion cone. In a preferred embodiment, the inside dtemeter of ttie 
radially expanded shoe is greater than or equal to the inside diameter of the radialiy 
expanded tubular Oner. 

An apparatus for fbmring a tubular stnjcture In a siibtenanean fbmiation having 

a preexisting tubutar member positioned in a borehole has also been described that 
includes means for insteUing a tulHilar liner, an expansion cone, and a shoe in ttw 

borehote. means for radially expanding at toast a portion of tiw shoe, and means fbr 
radially expanding at least a portion of ttie tubuter liner, in a preferred embodiment, the 

apparatus further Includes means for radtelly expanding tt» expansion cone. Ina 
preferred embodinrient. ttie apparatus further includes means for lowering the 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparati^ further includes 
5 means for injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
Includes means for radially expanding at least a portion of the preexisting tubular 
- member. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodlnrtent, the inside diaitieter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member.. In a prefenred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe Is greater 

15 than or equal to the Inside diameter of the radially expanded tubular liner 

An apparatus for fbrmlng a tubular strudure within a subterranean fbnmation 
including a preexisting tubular member positioned in a borehole has also been 
described that includes a tubular liner and nneans for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular nnember: The 

20 inside diameter of the radially expanded tubular liner is substantially equal to the inside 
diameter of a non-overlapping portion of th0 preexisting tubular membetr. 

A tubular structure positioned In a borehole witMn a subterranean formation has 
also been described that Includes a first tubular nnember and a second tubular member 
coupled to and overlapping with the first tutnilar member, wherein the second tubular 

25 member Is coupled to the first tubular nnember 1^ the process of: installing the second 
tubular merhber, an expansion cone, and a stioe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fluidic material 
into the borehole below the expansion cone. In a prefenred embodiment, the process 

30 for forming the tubular structure further Includes radially expanding the expansion cone. 
In a preferred embodiment, the process for forming the tubular structure further 
includes lowering the expanston cone Into the radially expanded portion of the shoe, 
and radially expanding the expansion oone. In a preferred embodiment, the process 
for forming the tubular strudure further Includes radially expanding at least a portion of 

35 the shoe and the second tubular member by injecting a fluidic material into the 

borehole below the radially expanded expansion cone. Ir> a preferrekf Embodiment, the 
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process for forming the tubular structure further includes injecting a hardenable fluidic 
sealing material into an annulus t>etween the second tubular member and the borehole. 
In a prefenred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for fonning the tubular structure further includes overlapping 
a portion of the radially expamJed second tubular nnember with a portion of the first 
tubular member. In a preferred embodiment, the inside diameter of the radially 
expanded second tubuliar member is substantially equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a preferred emtxxliment, the 

10 process for fonning the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the Inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although iilustrath/e embodinrtents of the inventton have been shown an^ 

15 described, a wide range of modification, changes and substitution is contemplated In 
the foregoing disdosure. In some Instances, some features of the present invention 
may be employed without a corresponding usfe of the other features. Acoordlnglyi K is 
appropriate that the appended claims be construed broadly and In a manner consistent 
with the scope of the Invention. 



CLAIMS 
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1 . A tubular structure positioned In a borehole within a subterranean fonnation, 
oomprising: 

5 a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
member; 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

10 installing the second tubular memt)er, an expansion cone, and a shoe that 

defines an interior regton for containing fluidic materials in the bcrohole; 

radially expanding at least a portion of the shoe by irijecUng a fluidic material 
into the Interior region of the shoe; and 

radially expanding at least a portion of the second tubular member by InjMting 
15 a fluidic material into the borehote below the expansion cone. 

2. The tubular structure of daim 1 . wherein the process further comprises: 

radially expanding the expansion cone. 

20 3. The tubular structure di daim 1 , wherein the process further comprises: 

lowering the expansion cone faito the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

4. The tubular structure of daim 3. wherein the process further oornprlses: 

25 radtelly expanding at least a portion of the shoe and the second tubular member 

by injecting a fluidic material into the borehole below the radially expanded expansion 
cone. 

5. The tubular structure of daim 1 , wherein the process further comprises: 

30 injecting a hardenable fluidic sealing mat^ial into an annulus behraen the 

second tubular member and the borehole. 

6. The tubular structure of daim 1 , wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

35 

7. The tubular structure of daim 6, wherein the process further comprises: 
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overlapping a portion of the radially expanded secx>nd tubular member with a 
portion of the first tubular member. 

8. The tubular structure of daim 7, wherein the inside dianrater of the radially 

5 expanded second tubular menfter is substantially equal to the inside diameter of a 
nonovertapping portion of the first tubular member. 

9. The tutnilar structure of daim 6, wherein the process further comprises: 
applying an axial force to the expansion cone. 

10 ' 

10. The tubular structure of daim 1 , wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the Inside diameter of the 
radially expanded second tubular member. 
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Claims 

1 . An apparatus for forming a weiibore casing in a borehole located in a 
subterranean formation including a preexisting weiibore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluididy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 , wherein the expansion cone Is expandable. 

3. The apparatus of dalm 1 , wherein the expandable shoe includes a valveable fluid 
passage for controlling the flow of fluidic materials out of the exp9ndable shoe. 

15 

4. The apparatus of daim 1, wherein the expandable shoe Includes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumfisrenoe of the expandable portion is greater than the 
20 outer drcumferenoe of the remaining portion. 

5. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more inward folds. 

The apparatus of daim 4, wherein the expandable portion Indudes: 
one or more oorrugationSp 

The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

The apparatus of daim 1 , wtierein the expandable shoe Indudes: 
one or mora corrugations. 

0. A shoe, comprising: 
35 an upper annular portion; 

an Intemnediate annular portion coupled to the upper annular portion; and 



25 6. 



7. 
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8. 
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a lower annular portion coupled to the intermediate portion; 

wtierein the intemiediate annular portion has an outer ctrcumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wherein the lower annular portion includes a vatveable fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9. wherein the intermediate portion Irxdudes: 
10 one or rhore inward folds. 

12. The shoe of daim 9, wherein the intemiediate portion indudes: 
one or more corrugations. 

15 13. A method of forming a weilbore casing in a sutiterranran formation ha\^ 
preexisting weilbore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe In the borehde; 
radially expanding at least a portion of the shoe by injecting a fluidic materiai 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the mpandon cone. 

14. Themethodof daim 13. further comprising: 
radially expanding the expansion cone. 

25 

15. The method of daim 1 3. further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of daim 1 5. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material Into the borehole below the radially expanded 
expansion cone. 



35 17. 



The method of daim 13. further comprising: 
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injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

The nnethod of daim 1 3, further comprteing: 
radially expanding at least a portion of the preexisting wellbore casing. 

1 9. The niethod of daim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 19, wherein the inside diameter of the radially expanded 
tubular liner is subslantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

15 21. The method ofdaim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13. wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the taiside diameter of the radially 

20 expanded tubular Ibier. 

23. An apparatus for forming a welibore casing In a subterranean formation having a 
preexisting wellbora casing positioned In a borehde. coiTiprising: 

means for instelling a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic nnaterial into the borehole below the expanston cone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 




25. The apparatus of daim 23, further comprising: 
35 nrteans for lowering the expansion cone into the radially expanded portion of the 

shoe; and 
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means for radially expanding the expansion cone. 
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26. The apparatus of dalm 25. further comprising: 
means for injecting a fluidic material into the bor^ole below the radially 

expanded expaifislon cone. 

27 . The apparatus of daim 23, further comprising: 
means for ir^jeding a hardenable fluidic sealbig material into an annulus 

between the tubular liner and the borehole. . 

28. The apparatus of dalm 23, further oomprisihg: 

means for radially expanding at least a portion of the preexisting weilbore 
casifig. 

15 29. The apparatus of daim 28. further oomprishg: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisling wBllbore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
I tubular liner is substantially equal to the insMe diameter of a nonoverlappihg portion of 

the preexisting wellbore casing. 

31 . The apparatus of daim 28. further comprising: 
means for applying an axial force to the expansion cone. 

32. The apparatus of daim 23. wherein the inside diameter of the radiaVy expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular Dner. 



33. An appevatus fx fbmriing a weObore casing within a subterranean fonnation 
including a preexisting weilbore casing positioned In a borehole, comprising: 
a tubular liner, and 

means for radiaiiy expanding and coupling the tubular liner to an overlapping 
portion of the preexisting weilbore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside dianieter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A weilbore casing positioned in a borehole within a subteiranean fonmation. 
comprising: 

a first wellbore casing ; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a Ruidic 
15 material into the shoe; and 

radiaDy expanding at least a portion of the seoond weltbore casing by 

injecdr^ a fluidic material Into the t>orehole below the expansion 

cone. 

20 35. The wellbore casing of daim 34, wherein the process fwther comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of dalm 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material Into the borehole below the radially 
30 expanded expansion cone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and the borehole. 

35 

39. The wellbore casing of daim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 

40. The wellbore casing of daim 39, wherein the process further comprises: 
overlapping a portion of the radially expanded second wellbore casing with a 

portion of the first wellbore casing. 

41 . The wellbore casing of dainr) 40, wherein the inside diameter of the radiaHy 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wellbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The weiibore casing of daim 34, wherein the inside dianra 

1 5 expanded shoe Is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A method of forming a tubular structure in a subterranean fbnmation having a 
preexisting tubular member positioned In a borehole, comprising: 

20 installing a tubular liner, an expansion cone, and a shoe In the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The nnethod of daim 44, further comprising: 

30 lowering the expansion cone into the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radiaHy expanding at least a portion of the shoe and the tubular liner by Injecting 
35 a fluidic materiallniD the t)orBhote below the radially expanded 

expansion cone. 
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48. The method of daim 44. further comprising: 

injecting a hardenable fluidic sealing material into an annulus t>etween the 
tubular liner and the borehole. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tubuiar member. 

50. The method of daim 48, further comprising: 

10 overiapping a portion of the radially expanded tubuiar liner with a portion of the 

preexisting tubular member to provide a load bearing interfeoe and a 
fluidic seal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 
15 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44. wherein the inside diameter of the radially expanded 
shoe Is greater than or substantially equal to the inside diameter of ttie radially 
expanded tubular liner. 

25 54. An apparatus for fomnlng a tubular structure in a subterranean fbrmatton having a 
preexisting tubular member positioned iri e bonshole. comprising: 

means for installing a tubular liner, an expansbn cone, and a shoe in ttie 
borehote; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of ttie tubular liner. 

55. The apparatus of daim 54. further comprising: 
means fbr radially expanding the expansion cone. 



35 56. The apparatus of daim 54. further comprising: 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparati^ of dalm 56, further comprising: 

means for injecting a fluidic material into the tx>rehole t)elow the radially 
expanded expansion cone. 

58. The apparatus of daim 54. further comprising: 
10 means for injecting a hardenat)le fluidic sealing nriaterial into 

between the tubular liner and the borehole. 

The apparatus of daim 54, further comprising: 
means for radially expanding at least a portton of the preexisting 
memt)er. 

The ap^ratus of daim 59. further comprising: 
means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular menrdier to provide a load bearing 
interface and a fluidic seal. 




60. 
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61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the Inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59. further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54. wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean fonmatlon 
induding a preexisting tubular member positioned in a borehole, comprising: 

35 a tubular linen and 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member, 
wherein the ir^side dianteter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subtenranean tbnnation, 
cx>mpr1sing: 

a first tubular member, and 

a second tubular member couple to and overlapping with the first tubular 
memtien 

wherein the second tubular member is ooupled to the first tubular merrit)er by 
the processor 

Installing the second tubular member^ an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by infecting a fluidic 

material Into the shoe; and 
radialiy expanding at least a portion of the second tubular member by 

injecting a fluidic material Into the borehole below tiie expansion 

cone. 

66. The tubular structure of daim 65, wherein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular structure of daim 65, wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of tto shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein tt)e process further comprises: 

, radially e)qpandin9 ^ portion of the shoe and the second tubular member 

by injecting a fluidic material into ttie borehole below the radially 
expanded expansion cone. 



69. 



The tubular structure of daim 65, wherein tiie process further comprises: 
Injecting a hardenaMe fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of claim 65. wtierein the process further comprises: 
ladlaHy expanding at least a portion of the first tubular niember. 

5 71. The titular structure of daim 70, wherein the process furthw comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tubular stnidure of daim 71 . wherein the inside diameter of the radlaly 
10 expanded second tubular member is substantially equal to the Inside diameter tif a 

nonoverlapping portion of the first tubular member. 

73. The tubular ^cture of daim 70, wherein the process further cornprises: 

applying an axiai force to the expansion cone. 

15 

74. The tubular stnidure of daim 65. wherein the Inside dianrieler of the radial^ 
expanded shoe is greater than or substantially equal to the Inside diameter of the 
radisrfiy expanded second tubular member. 

20 75. An apparatus for fbnning a welibore casing in a borehole located In a 
subtenranean fonnation induding a preexisting weilbore casing, comprising: 
a support rromber induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluldidy coupled td the first fluid passage; 
25 an expandable tubular Oner nK>vabty coupled to the expansion cone; and 

an expandable shoe coupled to the mpandable tubular liner comprising: 

a vaiveaWe fluid passage for controlling the flow of fluidic nraterials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcumference of the expandable podion Is greater 
than the outer drcumferenoe of the> remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion: ■ 
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an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion ooupled to the Intermediate portion including a 

valveable fluid passage ft>r controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intennediate annular portion has an outer circumference that Is 

larger than the outer drcumferenoes of the upper arKl lower annular 

portions. 

10 77. Arnethodof fiormingawellborecaslnginasubtenraheanfbnfi^^ 
preexisting wellbore casing positioned in a borehole, oomprteing: 

installing a tutHJiar liner, an expansion cone, and a shoe in the borehole: 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

15 lowering the expansion cone into the radially mpanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially mpanded 
tubuteir linen and 

wherein the inside diameter of the radially expanded tubular liner is 
25 8ut>stantially equal to or greater than the inside diameter of a nonoveriapping 

portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subtenanean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular liner, an expansion cone, and a shoe in the 

tx>rehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

rhaterial into the shoe; 
means for lowering ttie expansion cone into ttie radially expanded portion of ttie 
35 shoe; 

means for radially expanding ttie expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic material Into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the (existing wellbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside dianrieler of the radially expanded shoe is greater than or 

substantiaiiy equal to Vhrn inside diameter of the radially expanded 

tubular iinen and 
wherein the inside diameter of the radially expanded tubular liner Is 

substantiaiiy equal to the Inside diameter of a nonoverlapping portion of 

the pireexisting wellbore casing. 

79. A wellbore casing positioned in a borehole within a subtenanean fbnnatlon, 
comprising* 

a first wellbore casing; and 

a second wetibore casing coupled to and overlapping with the first wellbore 
casing; 

wherein the seioond wellbore casing is coupled to the first wellbore 
the process of: 

installing the second wdlbore casing, an expansion cone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe t>y Injecting a fluidic 

material Into the shoe; 
lowering the expansion corie Into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material Into the borehole below the radlaily 
expanded expansion cone; and 

overlapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second welibore casing; and 

wherein the inside diameter of the radially expanded second wellbore 
5 casing is substantially equal to the inside diameter of a 

nonoverlapping portion of the first wellbore casing. 

80. A method of fbnning a tubular structure in a subtenanean fonrnation having a 
preexisUng tubular member positioned in a borehole, comprising: 

10 installing a tubular liner, an expansion cone, and a shoe In the borehole; 

radially expanding at least a portion of the shoe by injecting a fluldic rnaterfal 
into ttie shoe; 

lowering the expansion cone Into ttie radially expanded portion of the shoe; 
radially expanding the expansion cone; 
15 radially expanding at least s portion of the tubular finer by ir^ecting a fluldic 

material into tiie borehole below the radially expanded expansion oone; 
and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
praexistirtg tubular meiDber to provide a load bearing Interface and a 
20 fluldic seal; 

wherein the Inside diameter of the radially expanded shoe is greater than or 
substantial^ equal to the inside diameter of the radially expanded 
tubular linen and 
wherein tiie inside diameter of tiie radially expanded tubular liner is 
25 substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular meitiber. 

81 . An apparatus for fonnlng a tubular stmcture in a subterrariean fbnmation having a 
preexisting tubular member positioned in a borehole, comprising: 

30 means for installing a tubular liner, an expansion cone, and a shoe in the 

borehole; 

means for radially expanding at least a portion of ttie shoe; 
means for lowering the expansion cone into tt)e radially expanded portion of the 
shoe; 

35 means for radially expanding ttie expansion cone; 

means for radially expanding at least a portion of the tubular linen and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member to provide a load bearing 

interface and a fluidic seal; 
wherein the inside diameter of the radialty expanded shoe is greater than or 
5 substantially equal to the Inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner Is 

substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member 

10 

82. A tubular structure positioned in a borehole within a subtenranean Ibmiation, 
comprising: 

a first tubular member; and 

a second tubular member coupled to aid overlapping witti ttie first tubular 
15 menrd3en 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion oone, and a shoe in 
ttie borehole; 

20 radially expanding at least a portbn of the shoe by injecting a fluidic 

material into tfie shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the radially 
expanded expansion cone; and 
overlapping a portion of the radially expanded second tubular nnember 
with a portion of the first tubular memben 
30 wherein ttie Inside diameter of ttte radially expanded shoe is greater 

ttian or substantially equal to ttie Inside diameter of the radially 
expanded second tubular memben and 
wherein the inside diameter of ttie radially expanded second tubular 
member is substantially equal to ttie inside diameter of a 
35 nonoveriapping portion of ttie first tubular menriber. 
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